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Abstract 
As the shortage of the radio spectrum infers challenges in the Earth–Space Communication Link (ESCL) 
particularly in satellite communication, it is important to gauge the measure of attenuation to guarantee proficient 
usage of the spectrum. By the shortage in the frequency spectrum, the coming period will request more information 
to be exchanged at unquestionably more speed. Furthermore, this will interest for the higher frequencies. Keeping in 
mind the end goal to exploit present day space communications innovation, acknowledgment of a household 
correspondence satellite framework with impressive communication limit at Ku–band is attainable. Climate is 
exceptionally unverifiable and labile hydrometeor activities make issue in a satellite communication. The real issue 
connected with the communication links at these high frequency radio waves is the rain attenuation estimation. In 
this paper, a performance analysis and simulation of rain attenuation models is shown for frequency range of        
12–40 GHz over ESCL at real urban communities of India by considering information of NSS–6 satellite.  
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1. Introduction 
The typical Earth–Space Communication Link (ESCL) is a system that comprises of a ground station and a space 
unit. Modernization demand technology to be more robust that requires more bands of frequencies. World is facing 
the problem of scarcity in the frequency spectrum that will call for higher frequencies. When talking about satellite 
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Communication, it is not always so easy to build up space link especially when dealing with the very high 
frequencies and rain attenuation is popular that affects the higher frequencies. Such type of attenuation causes 
signals to fade and affect the satellite communication. For a precise satellite link budget, all the parameters are need 
to be analyzed in order to develop a model that helps find the nearest possible attenuation under the required given 
data. In order to approximate the attenuation caused by rain, various models are developed by researchers that takes 
into account different parameters including geographical conditions, system setup and intensity of the atmospheric 
instability. 
There is not a perfect prediction of fading phenomena on ESCL. In order to reach a full link budget, the 
attenuation model needs to consider environmental effects that have influence on the propagation of the radio signal 
and therefore on the quality of the channel. The focus will be on the tropospheric effects. One of the major 
applications of the estimation of rain attenuation is in designing a precise satellite link budget. Propagation of radio 
signals through the atmosphere includes effects of the gases composing the air and hydrometeor such as rain, clouds, 
and fog. Radio signals experiences wave behaviors activities such as absorption and scattering. It is noted that excess 
amount of attenuation due to rainfall above a certain threshold frequency limits the LOS links [1]. At EHF, radio 
waves (EM signals) are susceptible to the tropospheric attenuation and rain has the most significant effect on the 
waves [2]. It attenuates the signal, disturbs the polarization and increases system temperature. Attenuation is 
significant above Ku–band i.e. above 12 GHz. The attenuation due to snow is very small below 60 GHz and hence 
neglected [3]. 
The concept of rain attenuation follows the relationship of frequency and wavelength, i.e. frequency is inversely 
proportional to the wavelength, 
 
ܿ ൌ ߣ݂                                                                                                                                                                      (1) 
 
where, ߣ  is the wavelength, ݂  is the frequency and ܿ  is the speed of light (͵ ൈ ͳͲ଼݉Ȁݏ). Now the attenuation 
increases as the wavelength approaches a typical raindrop size, i.e. 1.5 millimetres. The attenuation is small for S 
band and C band, but as the frequency gets higher and so the wavelength approaches to a raindrop size, attenuation 
increases. Attenuation is high for Ku band and significant for K band and Ka band. 
Rain attenuation model incorporates some empirical coefficients that are defined by ITU–R [4] based on 
frequency and polarization that are used with the models proposed by researchers. It is important to take into account 
parameters that are dominant for calculating the attenuations in satellite communication and hence rain attenuation 
estimation using chosen models are carried out over major Indian cities.   
2. Literature review 
Researchers have developed many algorithms and systems to overcome the attenuation especially at higher 
frequencies. There are numbers of rain attenuation models developed by various authors and the International 
Telecommunication Union Radio communication Sector (ITU–R) model [5] for rain attenuation estimation is 
widely accepted around the world and hence the developing models are compared against it for reliability and 
especially for cases where measured data are not available [6]. There are various models for rain estimation 
prediction but for the performance analysis over major Indian cities, three models are considered i.e., ITU–R, SAM, 
and García–López. The models are selected over their reliability, accuracy, and a broad survey conducted earlier.  
2.1. ITU–R Model 
The ITU–R (formerly CCIR, International Radio Consultative Committee) rain attenuation model [5] is the most 
widely accepted method for the estimation of rain attenuation on satellite communication system. The following 
procedure gives estimation of the long–term statistics of the slant–path rain attenuation at a given location for 
frequencies up to 55 GHz. The parameters required are ܴ଴Ǥ଴ଵ: point rainfall rate for the location for 0.01% of an 
average year (mm/h), ݄ௌ : height above mean sea level of the earth station (km), θ: elevation angle (degrees),            
ϕ: latitude of the earth station (degrees),݂: frequency (GHz), ܴ௘: effective radius of the Earth (8500 km). 
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Fig. 1 shows the schematic presentation of an Earth Space path giving the parameters to be input into the 
attenuation prediction process where A denotes frozen precipitation, B denotes rain height, C denotes liquid 
precipitation and D denotes Earth–Space path. The specific attenuation is (dB/km) for 0.01% of time is given by, 
 
 ߛ଴Ǥ଴ଵ ൌ ݇ሺܴ଴Ǥ଴ଵሻ௔ dB/km                                                                                                                                (2) 
 
Parameters k and α can be obtained from ITU–R P.838–3 [4]. The predicted slant path attenuation exceeded for 
0.01% of an average year is obtained from,  
 
ܣ଴Ǥ଴ଵሺ݀ܤሻ ൌ ߛோܮா dB                                                                                                                                      (3) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Schematic presentation of an Earth–Space path [5]. 
 
where, ܮா is the effective path length. The predicted attenuation to be exceeded for other percentages of an average 
year can be obtained from the value of ܣ଴Ǥ଴ଵ(dB) as,  
 
ܣ௣Ψ ൌ ܣ଴Ǥ଴ଵ ቀ ௣଴Ǥ଴ଵቁ
ିሾ଴Ǥ଺ହହା଴Ǥ଴ଷଷ ୪୬ሺ௣ሻି଴Ǥ଴ସହ୪୬ሺ஺బǤబభሻିఉሺଵି௣ሻ௦௜௡ఏሿ
                                                                                     (4) 
 
where p is the percentage of probability of interest and z is given as, 
 
for ݌ ൒ ͳΨǡ ݖ ൌ Ͳ                                                                                                                                                        (5) 
 
ቐ
ͲǢ ݂݋ݎȁ׎ȁ ൒ ͵͸ι
ݖ ൌ െͲǤͲͲͷሺȁ׎ȁሻ െ ͵͸Ǣ ݂݋ݎߠ ൒ ʹͷιܽ݊݀ȁ׎ȁ ൏ ͵͸ι
ݖ ൌ െͲǤͲͲͷሺȁ׎ȁሻ െ ͵͸ ൅ ͳǤͺ െ ͶǤʹͷݏ݅݊ߠǢ ݂݋ݎߠ ൏ ʹͷιܽ݊݀ȁ׎ȁ ൏ ͵͸ι
                                              (6) 
 
The ITU–R model may not be synchronized well with the rainfall rate characteristics. The ITU–R model only 
predicts rain induced attenuation. It has been noted that ITU–R estimation model needs good knowledge of the rain 
rate exceeded 0.01% of the time and hence such factor gives result as an overestimation of attenuation by the ITU–R 
rain attenuation model. ITU–R has developed a set of rules and equations for hydrometeor attenuation 
corresponding to the earth–space radio links. Parameters like slant–path length and rain height are proposed by 
ITU–R and are globally accepted as a reference for the development of advanced hydrometeor based attenuation 
model. However, the performance of the ITU–R model is satisfactory, but better than SAM [7] model. 
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2.2. Simple Attenuation Model 
Stutzman and Yon [7] developed a model called Simple Attenuation Model (SAM) for the rain attenuation 
estimation statistics on earth–space communication links operating in the 10–35 GHz band. It is one of the most 
widely accepted slant path attenuation estimation models. It incorporates the individual characteristics of the 
stratiform and convective types of rainfall. For convective rain (for R > 10mm/h), the slant path attenuation can be 
determined as, 
 
ܣ ൌ ߛ ଵି௘௫௣൤ିఊ௕௟௡൬
ೃΨ೛
భబ ൰൨௅ೞ௖௢௦ఏ
ఊ௕௟௡൬ೃΨ೛భబ ൰௖௢௦ఏ
Ǣ ܴΨ௣ ൐ ͳͲ݉݉Ȁ݄                                                                                                        (7) 
 
where, ܮௌ (km) is the slant path up to rain height, θ (degree) is elevation angle between the horizontal projection and 
slant path, Specific attenuation, ߛோ ൌ ݇ሺܴ଴Ǥ଴ଵሻ௔ (dB/km), and the empirical constant b = 1/22. Based on measured 
data, the following empirical expression for effective rain height ܪோ can be derived as, 
 
ܪோ ൌ ቊ
ܪ଴Ǣ ܴ ൑ ͳͲ݉݉Ȁ݄
ܪ଴ ൅ ݈݋݃ ቀ ோଵ଴ቁ Ǣ ܴ ൐ ͳͲ݉݉Ȁ݄
                                                                                                                      (8) 
 
Simple calculations produce attenuation as a function of average rain rate. These together with rain rate statistics 
can be used to estimate statistics of annual rain attenuation. The author has used the basic parameters such as 
specific attenuation and slant path length for rain rate lower than 10 mm/h, while for rain rate over 10 mm/h author 
have developed a specific equation considering empirical constant. The SAM model performs poor compared to 
other models in terms of accuracy. But as it requires less numerical data for the rain prediction, the estimation can be 
made easily. ITU–R model performs better at low attenuation whereas SAM models performance is satisfactory up 
to 30 mm/h of rain rate. 
2.3. García–López’s Method 
García–López et al. [8] developed a simple method for the prediction of rain attenuation that considers desirable 
features and gives adequate results. For tropical countries, values of the coefficients that are considered during 
calculation of the attenuation are supplied separately. The proposed method of rain attenuation by García–López et 
al. [24] can be obtained by, 
 
ܣ ൌ ܴ݇௔ܮ௦ ቂܽ ൅ ቄ௅ೞሺ௕ோା஼௅ೞାௗሻ௘ ቅቃൗ                                                                                                                                 (9) 
 
where, R is the point rainfall intensity in mm/h, k and α are the parameters depending on the frequency, polarization, 
and elevation angle (given by the ITU–R [4]), a, b, c, d, e are constants given by García–López et al., and ܮௌ(km) is 
the slant path up to rain height. In Equation 9, e is a scaling factor and by taking e =ͳͲସ, worldwide coefficients:     
a = 0.7, b = 18.35, c = −16.51, and d = 500 (based on geographical area). For tropical climates, a = 0.72, b = 7.6,     
c = −4.75, and d = 2408. In García–López’s method, the rain height ܪோ is given by, 
 
ܪோሺ݇݉ሻ ൌ ൜ Ͷǡ Ͳ ൏ ȁ߰ȁ ൏ ͵͸ιͶ െ ͲǤͲ͹ͷሺȁ߰ȁ െ ͵͸ιሻǡ ȁ߰ȁ ൒ ͵͸ι                                                                                                (10) 
 
where, ψ is the latitude of the earth station in degrees. The accuracy of Garcia method of rain attenuation is accurate 
compared to the rain attenuation models like ITU–R and SAM. According to Bhattacharya et al. [9], García–
López’s method gives adequate estimation of rain attenuation over the northern India. Garcia et al. has concluded 
that to improve the accuracy of the proposed model, its coefficients can be easily adapted to any region in the world 
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if rain attenuation and rain intensity data measured simultaneously are available. Table 1 gives summary of the 
major rain attenuation models in the field of satellite communication with modeling parameters.  
Table 1. Comparison of rain attenuation models 
3. Simulation 
The simulation of different rain attenuation models particularly ITU–R, SAM, and García–López at real urban 
communities of India considering the data of NSS–6 satellite has been carried out using the licensed version of 
Mathworks’s MATLAB® software. The satellite used for the analysis of different rain attenuation models is NSS–6 
(95° E) which is a geostationary communication satellite owned by SES WORLD SKIES. NSS–6 exhibits linear 
polarization. NSS–6 (Radar Cross–Section (RCS) =19.95݉ଶ(large)) covers the entire of Asia with six elite Ku 
band (10.95 to 14.50 GHz) beams, which can convey broadband media to small organizations, ISPs or household 
housetop antennas in those business sectors. NSS–6 is home to India’s first and largest DTH platform. It also 
enables key telecom infrastructure and broadband services across the Asia and Middle East. It covers the region of 
Asia, Australia, Africa, and Middle East. The satellite conveys Direct–To–Home power and execution, and 
additionally noteworthy inter–regional network. NSS–6 is manufactured by Lockheed–Martin and it was launched at 
17th December, 2002. Table 2 shows the important satellite and ground station data such as the station height, 
elevation angle and slant path length to the satellite from several major cities of India, and latitude of the those 
cities.  
Table 2. Ground station and satellite data from major cities of India 
City Ahmedabad Pune Bangalore Hyderabad Kolkata Delhi Indore 
Station Height (km) 0.068 0.562 0.914 0.494 0.016 0.213 0.544 
Elevation Angle 53° 57.5° 64.7° 62.1° 62.5° 51.3° 55.7° 
Slant Path Length (km) 
Latitude (degree) 
Location 
4.9233 
23 
23° N, 73° E 
4.0763 
18 
19° N, 74° E 
3.4134 
12 
13° N, 78° E 
3.9671 
17 
17° N, 78° E 
4.4914 
22 
22° N, 88° E 
4.8524 
28 
29° N, 77° E 
4.1835 
22 
23° N, 76° E 
  
The performance analysis of different rain attenuation models over major Indian cities is graphically represented. 
The rain attenuation models are implemented over MATLAB® software and the graph of frequency versus varying 
rain rate has been plotted. Fig. 2 shows the performance analysis of ITU–R model and García–López model at 40 
GHz of operating frequency. It can be observed from Fig. 2 that the response of ITU–R model with respect to the 
attenuation is somewhat linear with different rain rates. The García–López model’s response of attenuation with 
varied rain rates is linear to the extent and gives kind of less or average attenuation values as compared to ITU–R 
model. Fig. 3 shows the attenuation and frequency response of SAM model. It can be observed from Fig. 3; SAM 
model gives varied attenuation response for different rain rates. SAM model performs well for the frequency up to 
Method Slant Path Length Attenuation Notes 
ITU–R ܮௌ ൌ
ሺ݄ோ െ ݄ௌሻ
ݏ݅݊ߠ  
ܣ଴Ǥ଴ଵ ൌ ߛோܮா݀ܤ Good at low 
attenuation 
Garcia–Lopez ܮௌ ൌ
ሺ݄ோ െ ݄ௌሻ
ݏ݅݊ߠ  ܣ ൌ
ܴ݇௔ܮௌ
ܽ ൅ ൜ܮௌሺܾܴ ൅ ܥܮௌ ൅ ݀ሻ݁ ൠ
 Accurate for 
northern India 
SAM ܮௌ ൌ
ሺ݄ோ െ ݄ௌሻ
ݏ݅݊ߠ  ܣ ൌ ߛ
ͳ െ ݁ݔ݌ ൤െߛܾ݈݊ ൬ܴΨ௣ͳͲ ൰൨ܮௌܿ݋ݏߠ
ߛܾ݈݊ ൬ܴΨ௣ͳͲ ൰ ܿ݋ݏߠ
 
Simple but 
inaccurate 
(30 mm/h) 
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near 35 GHz as after 35 GHz, the attenuation values approach towards minor constant increment and shows near to 
zero increment at extremely high frequencies and at higher rain rate of above 80 mm/h as shown in Fig. 3(b). 
 
  
(a)  (b) 
Fig. 2. At 40 GHz (a) ITU–R model; (b) García–López model. 
For frequency band like ܭ௨ band (12 to 18 GHz), SAM model gives better results for rain rates of up to 60 
mm/h, but if the rain rate exceed 60 mm/h, the attenuation values tend towards minor increment. For frequency near 
40 GHz, the attenuation values starts reducing from the rain rate near 20 mm/h. Hence, the SAM model is not 
desirable and cannot be applied for higher frequencies above 35 GHz and even for higher rain rates. But for the 
operations in ܭ௨ band, SAM model gives reliable results and have varied attenuation values compared to the rain 
attenuation estimation models that are simulated. 
(a)  (b) 
Fig. 3. (a) SAM model (40 GHz); (b) Frequency response of SAM model. 
A comparative simulation results are shown in Fig. 4 of different rain attenuation models from a city of 
Ahmedabad and Bangalore at 40 GHz of frequency with varying rain rates. Likewise, a comparative simulation 
results are shown in Fig. 5 of different rain attenuation models from a city of Kolkata and Delhi at 12 GHz of 
frequency with varying rain rates. It can be clearly observed that SAM model performs poor at higher frequencies as 
attenuation values decreases with increasing rain rates. 
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(a)  (b) 
Fig. 4. At 40 GHz (a) Ahmedabad; (b) Bangalore. 
  
(a)  (b) 
Fig. 5.  At 12 GHz (a) Kolkata; (b) Delhi. 
4. Conclusion 
After analysing and simulating different rain attenuation models over different locations by integrating different 
parameters, it is observed that attenuation models gives results based on the parameters considered and each of the 
model have their own advantages and limitations. The ITU–R model and García–López model performs well for 
higher frequencies and even for higher rain rate. García–López’s method for rain attenuation considers more number 
of parameters and coefficients bringing result of good accuracy where ITU–R model underestimates higher rain 
rates. While SAM model gives varied attenuation values for lower frequencies as well as for lower rain rates. SAM 
model can be applicable in the Ku band and it is more suitable in cold regions where the rainfall rate is quite lower.  
5. Future work 
The fact that, during higher rainfall when the rain rate is near 80 mm/h, the rain drop size is comparatively bigger 
and because of that the attenuation value increases that can be seen as not so acute but a sudden visible increment of 
attenuation values if plotted on graph. Such behaviour is not found in any of the rain attenuation models instead of 
that even for the higher rain rate, the attenuation values increases at a near to constant value. Various authors have 
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given rain attenuation models but none of them have implemented that parameter and that will be one of the further 
implementation in the future. In addition to, a hybrid model can be designed integrating advantages of SAM model 
and García–López model that gives better result in both lower and higher frequency range with varying rain rates. 
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